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) The invention relates to a method for condh 
tioning the atmosphere in a storage chamber 
for organic harvested produce, characterised in 
that the storage chamber is allowed to form part 
of a system composed of the relevant storage 
chamber (1), at least two, and preferably three, 
gas separation modules (2), (3) and (4), which 
are located downstream of one another and are 
provided with Nj/Oz separation membranes, at 
least one compressor (5) and at least one con- 
trol valve (6), 

— the compressor drawing in three streams 
(F1), (F2) and (F3), 

— the first separation module yielding a per- 
meate, which is removed from the system as 
stream (F4), and a retentate, which is fed to the 
second separation module, 

— the second separation module yielding a 
retentate, which is fed to the third separation 
module, and a permeate, which is fed together 
with the permeate from the third separation 
module as stream to the compressor, and 

• — the retentate from the third separation 
module is fed via the control valve to the stor- 
age chamber. 
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The invention relates to a method and an installation for conditioning the atmosphere in a storage chamber 
or storage cell for organic harvested produce, such as apples, pears, potatoes, flowers, cereals and the like. 

INTRODUCTION 

5 

For all storage methods relating to organic harvested produce it is considered essential that the loss in 
quality of the stored products in question is kept as low as possible during storage. Therefore, it is important 
that ageing, microbiological or physiological decay, loss of moisture and damage to the stored product in ques- 
tion are prevented as far as possible. In order to achieve the abovementioned aim, methods which relate to 

10 conditioning of the atmosphere in the chamber in which the harvested produce is stored are disclosed in the 
prior art. One of these methods for conditioning the atmosphere in a storage chamber comprises flushing the 
storage chamber with nitrogen, by which means the oxygen is driven out of the storage chamber. However, 
this method has the disadvantage that, as a result of the lack of oxygen in the atmosphere, anaerobic bacteria 
can become active, as a result of which the quality of the stored product can be drastically reduced. For ex- 

15 ample, in the case of apples fermentation occurs, which leads to a product unacceptable to the consumer. An- 
other storage method comprises cooling the organic produce stored in the storage chamber. This method gen- 
erally has the disadvantage that the storage time is relatively short. In the case of apples this is only 2 to 3 
months, after which the quality decreases to an unacceptable degree. Yet another method for conditioning 
the atmosphere in such storage chambers comprises lowering the oxygen content and, at the same time, rais- 

20 ing the carbon dioxide content in the atmosphere prevailing in these chambers. However, this method entails 
the risk of the occurrence of the "CO2 disease", as a result of which, once again, the quality of the stored prod- 
uct Is lost 

It has been found that the disadvantages of the abovementioned known methods can be overcome if the 
storage chamber is allowed to form part of the system composed of the relevant storage chamber (1), at least 
25 two, and preferably three, gas separation modules (2), (3) and (4), which are located downstream of one an- 
other and are provided with N^0 2 separation membranes, at least one compressor (5) and at least one control 
valve (6), 

- the compressor (5) drawing in three streams, i.e. 

(a) a stream (F1) which is drawn in from the storage chamber; 
30 (b) a quantity of outside air (F2) and 

(c) a recycle stream (F3), which is a combination of the permeate streams from the last two separation 
modules (3) and (4); 

- the first separation module (2) yielding a permeate, which is removed from the system as stream (F4), 
and oxygen and carbon dioxide are thereby removed from the system until the oxygen concentration of 

35 the stream (F4) has reached the equilibrium value (21% by volume), and a retentate, which is fed to the 

second separation module (3), 

- the second separation module (3) yielding a retentate, which is fed to the third separation module (4) - 
if this is present -, and a permeate, which is fed together with the permeate from the third separation 
module (4) as stream (F3) to the compressor (5), and 

40 - the retentate from the third separation module (4) being fed via a control valve (6) to the storage chamber 

(1). 

More particularly, at the start of the conditioning, according to the invention, of the atmosphere in the stor- 
age chamber (1) the oxygen concentration of stream (F1 ), which is drawn into the compressor (5), wBI be about 
21% by volume (approximately equal to the oxygen concentration of the outside air). In this initial phase, the 

45 recycle stream (F3) produces an increase in the oxygen concentration of the feed to the compressor. The effect 
of the first separation module (2) with respect to oxygen removal is appreciably improved by this means. Oxy- 
gen removal from the first module (2) is determined by two factors, i.e. (a) the incoming oxygen concentration 
and (b) the flow rate, i.e. the air factor. A high flow rate results in an increase in the oxygen concentration which 
escapes as permeate. This oxygen-enriched air stream is indicated in Fig. 1 as stream (F4). The oxygen con- 
. so centration of this air stream will be at 46% at the start of conditioning and gradually become lower during con- 
\fl ditioning, depending on the concentration (F1). The amount which is separated off as oxygen-enriched per- 
meate is equal to the quantity of outside air which the compressor (5) draws in as stream (F2). The storage 
chamber (1) will reach the lowest oxygen content when the oxygen concentration of the stream (F4) is equal 
to the oxygen concentration of the ambient air. As the quantity flowing through this module is large, this will 

55 be the case only when the 0 2 concentration of the atmosphere in the storage chamber is low. Modules (3) 
and (4) produce a further lowering in the oxygen concentration of the retentate stream (F6) which leaves mod- 
ule (2). The outgoing O2 concentration of the membrane unit stream is determined by the residence time or 
flow rate and this can be adjusted by means of a needle valve (6). The 0 2 concentration obtained downstream 
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of the last module in the stream which passes to the storage chamber (1) will fall depending on the 0 2 con- 
centration of the atmosphere in the storage chamber (1), while the quantity increases somewhat because the 
pressure in the system rises. Permeat stream (F3) provides an oxygen loop, which ensures that the 0 2 con- 
centration in the permeate from the first module remains high. By this means, the final value for the 0 2 con- 
centration in the atmosphere in the storage chamber is obtained at a low concentration. As a result of the re- 
cycling through the storage chamber and specifically as a result of the oxygen loop (F3) f the time in which a 
storage chamber can be conditioned can be appreciably shortened. 

What has been described above in respect of the oxygen concentration also applies in principle with re- 
spect to the carbon dioxide concentration in the atmosphere in the storage chamber (1). In this case also the 
major proportion of the C0 2 present is separated off via the first module (2). In addition, the difference com- 
pared with oxygen is that the separation factor for carbon dioxide versus nitrogen is appreciably higher than 
that for oxygen versus nitrogen, as a result of which the carbon dioxide concentration which leaves the mem- 
brane unit and passes to the storage chamber will be very low. The concentration of carbon dioxide which is 
present in the ambient air and is drawn in by the compressor (F2) is only 0.05%. Consequently, it is possible 
toobtaina virtually carbon dioxide-free storage chamber. Specifically, this C0 2 removal is virtually independent 
of the membrane setting. 

By changing the membrane setting it is possible to obtain any desired oxygen concentration in the storage 
chamber (1), while the installation continues to remove carbon dioxide. 

Advantageously, the 0 2 content of the atmosphere in the storage chamber is brought to a value of less 
than 5% by volume, preferably to a value in the range from 1 to 2% by volume or of 0.5 to 1% by volume. 

Membranes which can be used as the N^C^ gas separation membranes to be used In the invention are 
all membranes disclosed in the prior art. Examples of such membranes are the Prism Alpha membrane (Per- 
mea Inc. St Louis, USA), the Generon membrane (Linde division Union Carbide Industrial Gases) and the 
poly(2,6-dimethyl-p-phenylene oxide) asymmetric hollow fibre membranes (EP-B-0,298,531). 

LEGEND 

Fig. 1 : shows, diagrammatically, a system according to the invention comprising: 

- a storage chamber (1) 

- three separation modules (2), (3) and (4), which are located downstream of one another and are provided 
with a N2/O2 separation membrane, 

- a compressor (5) and 

- a control valve (6), which components are connected to one another via the indicated lines. 

Fig. 2: shows a graph of the test results relating to C0 2 removal in a storage chamber which has a free 
space of 225 m 3 . The C0 2 concentration of the atmosphere in the storage chamber in % by volume 
is shown on the ordinate and the time in hours is shown on the abscissa. 

Fig. 3: shows a graph of the test results relating to 0 2 removal in a storage chamber which has a free space 
of 225 m 3 . The 0 2 concentration of the atmosphere in the storage chamber in % by volume is shown 
on the ordinate and the time in hours is shown on the abscissa. 

ILLUSTRATIVE EMBODIMENT 

A flow of 18,500 l/hour (F1) was withdrawn via a compressor (5) from a storage chamber (1), which was 
filled with 60 tonnes of apples and still had a free space of 225 m 3 . This compressor (5) drew in 1 3,800 l/hour 
of air via the outside air. The stream (F3), which originated from the second (3) and third (4) gas separation 
module, was 23,300 l/hour. The gas stream issuing from the compressor (5) was fed at a flow-through volume, 
of 0. 72 1 into the first gas separation module (2), which was provided with a PPO membrane (poly (2,6-dimethyl- 
p-phenylene oxide ) asymmetric hollow fibre membrane, skin thickness = 0.2 urn; see EP-B- 0,298,531) having 
a surface area of 1 3 m 2 . The retentate from this first module was fed at a flow-through volume of 0. 72 1 into 
the second gas separation module (3), which was provided with a PPO membrane (see above def inition) having 
a surface area of 1 3 m 2 . The retentate from the second module was then fed at a flow-through volume of 0.72 
I into the third module (4), which, in turn, was provided with a PPO membrane (see above definition) having 
a surface area of 1 3 m 2 . The retentate from this third module was returned via the needle valve (6) to the stor- 
age chamber (1). 

The results relating to the atmosphere in the storage chamber (1), which were obtained at ambient tem- 
perature (20°C), are shown in Table A below (and also in Figs. 2 and 3). 
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TABJ.E A 
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A method for conditioning the atmosphere in a storage chamber for organic harvested produce, charac- 
terised in that the storage chamber is allowed to form part of the system composed of the relevant storage 
chamber (1), at least two, and preferably three, gas separation modules (2), (3) and (4) v which are located 
downstream of one another and are provided with NJO2 separation membranes, at least one compressor 
(5) and at least one control valve (6), 

- the compressor (5) drawing in three streams, i.e. 

(a) a stream (F1 ) which is drawn in from the storage chamber 

(b) a quantity of outside air (F2) and 

(c) a recycle stream (F3), which is a combination of the permeate streams from the last two sepa- 
ration modules (3) and (4); 

- the first separation module (2) yielding a permeate, which is removed from the system as stream 
(F4) and a retentate, which is fed to the second separation module (3), 

- the second separation module (3) yielding a retentate, which is fed to the third separation module 
(4), and a permeate, which is fed together with the permeate from the third separation module (4) 
as strew (F3) to the compressor (5), and 
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- the retentate from the third separation module (4) being fed via a control valve (6) to the storage 
chamber (1). 

Method according to Claim 1 , characterised in that the 0 2 content in the atmosphere in the storage cham- 
ber is brought to, and maintained at, a value of less than 5 % by volume. 

Method according to Claim 1 or 2, characterised in that the 0 2 content in the atmosphere in the storage 
chamber is brought to, and maintained at, a value in the range from 1 to 2% by volume. 

Method according to Claim 1 or 2, characterised in that the 0 2 content in the atmosphere in the storage 
chamber is brought to, and maintained at, a value in the range from 0.5 to 1% by volume. 

Installation suitable for conditioning the atmosphere in a storage chamber for organic harvested produce, 
characterised by 

- a storage chamber (1) for the organic harvested produce, 

- at least two, and preferably three, separation modules (2), (3) and (4), which are connected down- 
stream of one another and are provided with an N 2 /0 2 separation membrane, 

- at least one compressor (5) and 

- at least one control valve (6), the components of the installation being connected to one another via 
lines as shown in Fig. 1. 
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